Co-ctmTtmm of monocytes (MO) and endothelial cells (EC) were studied for their capacity to synergize in the production of interleukin-6 (IL-6) and granulocyte-macrophage colony-stimulating factor (GM-CSF), two cytokines potentially important in vascular physiopathology. Resting monocytes produced detectable amounts of IL-6 but no GM-CSF, whereas confluent EC produced significant quantities of GM-CSF, but minimal IL-6. In co-cultures without stimuli, additive synthesis of both cytokines was observed. When EC were pretreated, however, with either PAF, TNF or both stimuli, before addition of MO, synergistic production of IL-6 was observed. In contrast, GM-CSF production was not enhanced by coculture of monocytes with activated EC. When either cell population was fixed with paraformaldehyde or killed by freeze-thawing before addition to the co-culture, cytokine levels reverted to those produced by the unaffected population alone. On the other hand, separating the two cell populations by a cell-impermeable membrane in transwell cultures did not affect the synergistic production of the cytokines. Taken together, our data suggest that EC and MO can synergize in response to stimuli by producing IL-6 and that this synergy is dependent on the integrity of both cell populations, but independent of cell-cell contact.
Introduction
Vascular endothelium interacts closely with leukocytes and constitutes an important cellular element in inflammatory and immunologic responses. This interaction is in part regulated by cytokines and several other mediators derived from leukocytes which act on endothelial cells (EC). [2] [3] [4] Among these, platelet-activating factor (PAF) can be produced by a variety of cells such as monocytes, neutrophils and endothelial cells. 5- This phospholipid is a potent pro-inflammatory mediator and causes a variety of effects, including microvascular leakage, contraction of smooth muscle and activation of neutrophils, macrophages and eosinophils. 9- We have demonstrated that PAF can induce suppressor cell activities in mononuclear leukocytes in vitro, ]2 '13 as well as stimulate IL-1, TNF and IL-6 production in monocytes and alveolar macrophages. 4 '5 In cultured human EC, PAF [23] [24] [25] [26] EC can also synthesize GM-CSF, either constitutively or more commonly after stimulation with IL-12v-31 or TNF. 32 The production of GM- 33 34 CSF by fibroblasts, T lymphocyt.es, mast 35 36 cells fold stimulation of IL-6 production was observed (Fig. 1) . Since PAF is involved in leukocyte-EC interactions, we examined whether PAF could modulate IL-6 production in EC-MO co-cultures. EC were pretreated with graded concentrations of PAF (10 -16-10-6M) before addition of monocytes.
As shown in Fig. 2 As shown in Fig. 3 , killed or fixed EC could no In contrast to IL-6, GM-CSF production was mainly observed in resting or stimulated EC, whereas monocytes alone produced negligible quantities of the cytokine (Fig. 4) . Enhanced synthesis of GM-CSF was observed in co-cultures of untreated EC and MO but, whereas stimulated EC alone showed doubling of their GM-CSF production, addition of MO to stimulated EC had no further effect. The main cellular source of GM-CSF production was made evident in the co-cultures with one cell population killed by freezethawing or fixed with paraformaldehyde. Co-cultures of intact MO with fixed or killed EC showed little GM-CSF production, whereas cocultures of intact EC with killed or fixed MO had responses similar to those of EC alone. Because synergy in IL-6 production was dependent on live and fully functional MO and EC, and intact membranes did not substitute for live cells, we tested the requirement for actual cell-cell contact for the observed synergistic response. We used Costar transwell culture vessels in which MO were separated from EC by a polycarbonate, cell-impermeable membrane. As shown in Table 1 , synergy in IL-6 production was maintained in spite of the physical separation of the two cell populations.
Discussion
Our studies described here present evidence for contact-independent synergy in production of IL-6 by co-cultures of human MO 2 it remains to be tested whether GM-CSF plays a role in the synergy in IL-6 production observed in our cocultures. The transwell experiments suggest that a soluble factor from either of the two cell types, or from both cell types, is essential for the upregulated production of cytokines. Further studies will help determine the nature of such factor(s).
In summary, exposure to EC and the inflammatory stimuli PAF and TNF resulted not only in their enhanced production of GM-CSF, but also in their ability to synergize with MO in augmented IL-6 production. Interestingly, this synergy did not require cell-cell contact between EC and MO, in contrast to many other synergistic events which depend on cell contact and involve various combinations of cell adhesion molecules.
